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Northfield  School  Upper  Reservoir 
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Franklin  County,  Massachusetts 
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BRIEF  ASSESSMENT 


Northfield  School  Upper  Reservoir  Dam  is  a  45-year  old  earth  embankment 
dam  which  impounds  water  for  the  Northfield  -  Mt.  Hermon  School  and  the  Town  of 
East  Northfield.  The  dam  is  approximately  240  feet  long  and  has  a  maximum  height 
of  about  37  feet.  The  slope  of  the  upstream  face  of  the  dam  is  about  2.5  H:1V,  the 
top  width  is  approximately  17  feet  and  the  slope  of  the  downstream  face  is 
approximately  2H:1V.  A  gatehouse  located  on  the  top  of  the  dam  provides  access  to 
outlet  works  for  the  dam. 

The  dam  appears  to  be  in  fair  overall  condition.  No  obvious  signs  of 
settlement  or  misalignment  are  evident;  however,  clear  seepage  and  erosion  are 
apparent  at  each  of  the  abutments  and  at  the  toe  of  the  dam.  Lack  of  a 
comprehensive  operation  and  maintenance  program  is  also  apparent,  as  evidenced  by 
the  presence  of  small  trees  and  brush  on  the  dam  and  large  trees  in  close  proximity 
to  the  dam.  In  addition,  only  one  of  the  outlet  valves  was  found  to  be  operable. 
(Since  the  date  of  inspection,  the  Owner  has  notified  us  that  all  of  the  valves  have 
been  made  operable). 

Northfield  School  Upper  Reservoir  Dam  has  a  maximum  capacity  of  approxi¬ 
mately  104  acre-feet  and  a  maximum  height  of  about  37  feet.  These  values  fall 
within  the  ranges  specified  by  the  Army  Corps  of  Engineers  for  "Small"  size  dams. 
If  Northfield  School  Upper  Reservoir  Dam  were  to  fail,  it  is  anticipated  that 
appreciable  property  damage  would  result  at  the  hazard  area  located  approximately 
0.6  mile  downstream  of  the  dam,  along  with  the  possible  loss  of  a  few  lives. 
Therefore,  the  hazard  classification  is  "Significant".  The  recommended  range  of  the 
test  flood  for  a  "Small"  size,  "Significant"  hazard  dam  is  from  the  100-year  flood  to 
one-half  of  the  Probable  Maximum  Flood  (PMF).  Because  the  height  of  the  dam  is 
close  to  the  upper  limit  established  for  "Small"  size  dams,  and  because  of  the 
potential  for  appreciable  property  damage,  the  selected  test  flood  for  the  dam 
assessment  is  one-half  of  the  PMF. 

The  test  flood  peak  inflow  to  Northfield  School  Upper  Reservoir  Dam  was 
computed  to  be  approximately  550  cfs.  The  corresponding  outflow  was  also  550  cfs 
and  resulted  in  a  0.5  foot  depth  of  flow  over  the  dam.  The  spillway  (with  the 


flashboards  in  place)  has  a  discharge  capacity  of  about  180  cfs,  or  roughly  33 
percent  of  the  routed  test  flood  outflow,  assuming  the  reservoir  pool  is  at  the  top  of 
the  dam  Assuming  the  flashboards  are  removed  or  fail  prior  to  overtopping  of  tne 
dam,  the  spillway  capacity  would  then  be  apprximately  790  cfs  or  about  4 4  percent 
in  excess  of  the  routed  test  flood  outflow. 

Within  one  year  after  receipt  of  this  Phase  1  Inspection  Report,  the  Owner,  the 
Northfield-Mt.  Hermon  School,  should  retain  the  services  of  a  qualified,  registered 
professional  engineer,  experienced  in  the  design  and  construction  of  dams,  to:  1) 
investigate  the  source  and  nature  of  clear  seepage  observed  along  the  downstream 
side  abutment  areas  and  at  the  toe  of  the  dam  eroded  areas  at  these  locations  should 
be  filled,  regraded  and  reseeded:  2'  perform  a  detailed  hydraulic/hydrologic  analysis 
to  assess  the  need  for  increasing  the  spiliway  capacity;  3)  direct  the  removal  of 
trees  and  their  root  systems  from  the  embankment  and  the  a:  ea  to  within  20  feet  of 
the  toe,  including  the  backfilling  of  any  remaining  voids  with  suitable,  thoroughly 
compacted  material;  and  4'  design  and  direct  the  installation  of  control  facilities  at 
the  inlets  of  the  mid  and  low  level  outlets. 

In  addition,  the  Owner  should  implement  the  following  operation  and 
maintenance  procedures:  1)  initiate  a  comprehensive  operation  and  maintenance 
program,  designed  to  ensure  the  safe  and  reliable  operation  of  all  operating 
facilities;  2)  initiate  a  program  of  annual  technical  inspection;  3)  verify  the 
operability  of  all  outlet  valves;  4)  remove  the  flashboards  from  the  spillway;  5) 
monitor  the  seepage  areas  identified  in  this  Report,  until  such  time  that  an  engineer 
can  perform  the  analyses  discussed  above;  and  6)  develop  a  formal  surveillance  and 
downstream  warning  system. 

O'BRIEN  &  G£R£  ENOBSlt'^S,  INC. 
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This  Phase  I  Inspection  Report  on  Northfield  School  Upper  Reservoir  Dam 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 

S  ap8p°ovS!lneetl°8  lud8e“nt  ““  ls 


JOSE»H\W.  FINEGAN 
WateAjjontrol  Branc 
Engineering  Division 


,  (jr\  member 

nctSO 


ARAMAST  MAHTESIAN,  MEMBER 
Geotechmical  Engineering  Branch 
Engineering  Division 


CARNET  M.  TERZIAN,  CHAIRMAN 
Design  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guideiines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations.  Copies  of 
these  guidelines  may  be  obtained  from  the  Office  of  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is  to  identify 
expeditiously  those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available  data  and 
visual  inspections.  Detailed  investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a  Phase  I  investigation:  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported  condition  of 
the  dam  is  based  on  observations  of  field  conditions  at  the  time  of  inspection  along 
with  data  available  to  the  inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  inspection,  such  action,  while  improving  the  stability  and 
safety  of  the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  externa!  conditions,  and  is  evolutionary  in  nature. 
It  would  be  incorrect  to  assume  that  the  present  condition  of  the  dam  will  continue 
to  represent  the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe  conditions  be 
detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic  and 
hydraulic  analyses.  In  accordance  with  the  established  Guidelines,  the  Spillway  Test 
flood  is  based  on  the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  Because  of  the  magnitude 
and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway  will  not  pass  the  test 
flood  should  not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and  serves  as  an  aid 
in  determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition  and  the  downstream  damage 
potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of  the  need  for 
fences,  gates,  no-trespassing  signs,  repairs  to  existing  fences  and  railings  and  other 
items  which  may  be  needed  to  minimize  trespass  and  provide  greater  security  for 
the  facility  and  safety  to  the  public.  An  evaluation  of  the  project  for  compliance 
with  OSHA  rules  and  regulations  is  also  excluded. 
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NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  INSPECTION  REPORT  _ 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  The  National  Dam  Inspection  Act  (Public  Law  92-367)  was 
passed  by  Congress  on  August  8,  1972.  Under  this  Act,  the  Secretary  of  the  Army 
was  authorized  to  initiate,  through  the  Corps  of  Engineers,  the  National  Program  for 
Inspection  of  Dams  throughout  the  United  States.  Responsibility  for  supervising 
inspection  of  dams  in  the  New  England  Region  has  been  assigned  to  the  New  England 
Division  of  the  Army  Corps  of  Engineers. 

O'Brien  &  Gere  Engineers,  Inc.  has  been  retained  by  the  New  England  Division 
to  inspect  and  report  on  selected  non-federal  dams  in  Massachusetts.  Authorization 
and  Notice  to  Proceed  were  issued  to  O'Brien  &  Gere  by  a  letter  dated  November 
12,  1980  and  signed  by  Col.  William  E.  Hodgson,  Jr.  Contract  No.  DACW-33-81-C- 
0016  has  been  assigned  by  the  Corps  for  this  work. 

b.  Purpose.  The  purpose  of  inspecting  and  evaluating  non-federal  dams  is 
to: 


1.  Identify  conditions  which  threaten  public  safety  and  make  the 
Owner  aware  of  any  deficiencies  so  that  he  may  correct  them  in  a  timely  manner; 

2.  Encourage  and  prepare  the  Commonwealth  to  initiate  an  effective 
dam  safety  program  for  non-federal  dams  as  soon  as  possible;  and 

3.  Update,  verify  and  complete  the  National  Inventory  of  Dams. 

1.2  Description  of  Project  (Information  for  the  dam  was  obtained  from  the 
Northfield-Mt.  Hermon  School,  Physical  Plant  Office  and  the  Massachusetts  Depart¬ 
ment  of  Environmental  Quality  Engineering.) 

a.  Location.  Northfield  School  Upper  Reservoir  Dam  (Grandin  Reservoir 
Dam)  is  located  on  Louisiana  Brook  in  the  Town  of  Northfield,  Massachusetts. 
Louisiana  Brook  originates  approximately  1.2  miles  southeast  of  the  dam  and 
continues  in  a  westerly  direction  for  a  distance  of  approximately  1.6  miles 
downstream  of  the  dam.  At  this  point,  it  drains  to  Pauchaug  Brook  which  flows  in  a 
southwesterly  direction  for  another  0.4  mile  to  the  Connecticut  River.  To  illustrate 
the  location,  a  portion  of  the  USGS  quadrangle  map  entitled  "Northfield,  Mass.  - 
N.H,  -  VT."  has  been  reproduced  and  included  as  Figure  1  on  paae  vi  of  this  Report. 
USGS  reference  coordinates  for  this  dam  are  N42°43.2'  and  W72z5.3'. 
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b.  Description  of  Dam  and  Appurtenances.  Northfield  School  Upper  Reser¬ 
voir  Dam  is  a  45-vear  old  earth  embankment  structure  with  a  concrete  core  wall.  It 
is  approximately  240  feet  long  and  has  a  maximum  height  of  about  37  feet.  The 
upstream  face  of  the  dam  is  on  a  slope  of  about  2.5  H:1V.  It  is  covered  with  hand- 
placed  riprap  to  within  approximately  1.5  feet  of  the  dam  crest.  A  moderate  growth 
of  grass,  light  brush,  and  small  trees  cover  the  17-foot  wide  dam  crest  and 
downstream  slope  of  the  dam.  The  downstream  face  is  predominantly  sloped  at 
2H:1V  from  the  dam  crest  to  the  tree-covered  toe  of  the  dam.  The  main  controls 
for  the  dam  outlets  are  housed  in  a  small  wooden  gatehouse  located  on  the  dam 
crest  approximately  90  feet  from  the  northern  dam  abutment. 

A  30-foot  wide  spillway  channel  is  located  at  the  southern  dam  abutment.  It 
has  an  18-foot  long  by  30-foot  wide  approach  apron  and  2.5-foot  high  permanent 
wooden  flash  boards  at  the  spillway  inlet  (see  photo  No.  4,  Appendix  C).  The 
discharge  chute,  like  the  approach  apron,  has  an  inlaid  stone  bottom  and  concrete 
training  walls.  As  illustrated  on  page  B-l  of  Appendix  B,  the  spillway  discharge 
chute  is  directed  northwesterly  and  tapers  to  a  15-foot  wide  channel  prior  to 
discharging  into  Louisiana  Brook  approximately  90  feet  downstream  of  the  spillway 
inlet.  Also,  toward  the  lower  portion  of  the  discharge  chute,  the  outside  training 
wall  changes  from  concrete  to  stone  masonry. 

The  outlet  works  for  the  dam  consists  of:  1)  a  14-inch  diameter  water  supply 
main,  which  feeds  a  small  holding  reservoir  approximately  700  feet  downstream  of 
the  dam;  2)  an  8-inch  diameter  drain  originating  at  a  tee  connection  to  the  14-inch 
water  main  about  25  feet  downstream  of  the  dam;  and  3)  a  14-inch  diameter  low 
level  drain  which  outlets  into  Louisiana  Brook  just  downstream  of  the  dam.  Two  14- 
inch  diameter  pipes  with  gate  valves  are  used  to  draw  water  from  Elev.  665  ana 
Elev.  655  in  the  reservoir  to  convey  water  to  the  supply  main.  (See  page  B-3, 
Appendix  B).  In  addition,  two  4-inch  diameter  pipes  emerge  from  the  ground  about 
10  feet  downstream  from  the  outlet  of  the  spillway  discharge  chute  at  about  Elev. 
663  (See  Sheet  A,  Appendix  C).  The  origin  of  these  pipes  is  not  known,  but  it  is 
suspected  that  they  are  part  of  the  toe  drain  system  of  the  dam. 

c.  Size  Classification.  Northfield  School  Upper  Reservoir  Dam  has  a  maxi¬ 
mum  storage  capacity  of  104  acre-feet  and  a  maximum  height  of  about  37  feet. 
Because  these  values  lie  within  the  50  to  1,000  acre-feet  storage  and  25  to  40  feet 
of  height  ranges  specified  by  the  Army  Corps  of  Engineers  for  small  size  dams, 
Northfield  School  Upper  Reservoir  Dam  is  classified  as  "Small". 

d.  Hazard  Classification.  Flow  resulting  from  an  assumed  failure  of 
Northfield  School  Upper  Reservoir  Dam  would  be  routed  via  Louisiana  Brook  to  a 
residential  area  located  approximately  0.6  mile  west  of  the  reservoir.  Based  upon 
computer  analysis  of  a  hypothetical  breach  of  the  dam,  it  is  estimated  that  one 
house  would  experience  flooding  to  a  depth  of  one  to  two  feet  above  its  first  floor 
elevation.  It  is  likely  that  appreciable  damage  would  result  at  the  house,  along  with 
the  possible  loss  of  a  few  lives.  Northfield  School  Upper  Reservoir  Dam  is  therefore 
classified  as  a  "Significant"  hazard  structure. 

e.  Ownership.  The  dam  is  owned  by  the  Northfield-Mt.  Hermon  School; 
Physical  Plant  Office;  East  Northfield,  Massachusetts.  (Tel:  413/498-5311) 
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f.  Operator.  Responsibility  for  operation  of  the  dam  is  assigned  to  Mr. 
David  Jakuboski,  Director  of  Physical  Plant.  Mr.  Wayne  Black,  Superintendent  of 
the  Water  Department,  is  involved  with  the  daily  operation  of  the  dam  and  its 
controls. 


g.  Purpose  of  the  Dam.  The  dam  was  originally  constructed  to  provide  a 
water  supply  for  the  Northfield-Mt.  Hermon  school.  Currently,  the  dam  impounds 
water  for  a  total  of  approximately  700-800  people  at  the  school  and  approximately 
1,500  people  in  the  Town  of  East  Northfield. 

h.  Design  and  Construction  History.  Northfield  School  Upper  Reservoir 
Dam  was  designed  in  1933  by  Mr.  Lewis  D.  Thorpe  of  Boston,  Massachusetts  (see 
Drawings  in  Appendix  B).  Construction  was  started  in  1934  and  completed  in  1935 
by  personnel  from  the  Northfield-Mt.  Hermon  School.  Since  that  time,  no  major 
additions  to  or  modifications  of  the  original  dam  have  been  made,  except  for  the 
replacement  of  the  flashboards  in  the  spillway  about  three  years  ago. 

i.  Normal  Operating  Procedures.  The  mid-level  14-inch  diameter  intake 
gate  with  an  invert  at  El.  665.0  (shown  on  page  B-3,  Appendix  B)  is  normally  open 
while  the  low  level  14-inch  diameter  intake  gate  with  its  invert  at  El.  655.0  is  kept 
closed.  Outflow  from  the  reservoir  is  controlled  by  adjusting  the  opening  of  the  14- 
inch  diameter  gate  valves  located  on  the  water  supply  main  approximately  35  feet 
downstream  of  the  dam  and  at  the  downstream  holding  reservoir  approximately  700 
feet  downstream  of  the  dam.  In  addition,  pool  elevations  for  each  of  the  reservoirs 
are  checked  daily,  but  stage  records  are  not  kept. 

1.3  Pertinent  Data 

a.  Drainage  Area.  The  watershed  for  Northfield  School  Upper  Reservoir 
Dam  includes  approximately  0.6  square  mile  of  very  steep  and  forested  terrain  lying 
to  the  east  of  the  dam.  No  development  is  permitted  within  the  watershed  area. 
Louisiana  Brook  is  the  drainage  area's  main  watercourse. 

b.  Discharge  at  Damsite. 

1.  Outlet  Works.  Two  known  outlets  pass  through  the  dam:  a)  A  14- 
inch  diameter  water  supply  main  originates  at  the  base  of  the  concrete  well  under 
the  gatehouse  at  El.  654.5.  Water  is  supplied  to  the  main  from  two  14-inch  diameter 
intake  pipes  and  gates  in  the  concrete  well  under  the  gatehouse  with  inverts  of  El. 
655.0  and  El.  665.0.  The  water  supply  main  conveys  water  from  the  concrete  well 
under  the  gatehouse  to  a  holding  reservoir  approximately  700  feet  downstream  of 
the  dam  from  which  water  is  discharged  to  the  water  distribution  system.  An  8-inch 
diameter  drain  on  the  water  supply  main  with  an  outlet  invert  at  about  El.  650  is 
located  approximately  25  feet  downstream  of  the  dam;  and  b)  a  14-inch  diameter 
low  level  drain  for  the  reservoir  with  an  inlet  invert  at  El.  656-  in  the  concrete  well 
under  the  gatehouse  and  an  outlet  invert  at  the  downstream  toe  of  the  dam  at  El. 
650-  is  the  other  outlet.  With  the  reservoir  pool  at  the  top  of  the  dam,  this  drain  is 
capable  of  passing  approximately  20  cfs.  This  outlet  is  not  indicated  on  the 
proposed  plans  of  the  dam,  but  is  shown  on  the  1975  State  inspection  report  included 
in  Appendix  B. 


2.  Maximum  Known  Flood  At  Damsite.  No  records  have  been  kept. 

3.  Unqated  Spillway  Capacity  at  Top  of  Dam.  The  capacity  of  the 
spillway,  assuming  that  the  flashboards  are  removed  to  the  spillway  crest  El.  683 .5 
and  the  reservoir  pool  is  at  top  of  dam  Elevation  687.5,  is  790  cfs.  Under  similar 
conditions,  except  with  the  flashboards  in  place,  the  spillway  discharge  capacity  is 
approximately  180  cfs. 

4.  Ungated  Spillway  Capacity  at  Test  Flood  Elevation.  The  ungated 
spillway  capacity  with  the  flashboards  removed,  at  test  flood  Elevation  688  is  950 
cfs.  With  the  flashboards  in  place,  the  spillway  capacity  at  test  flood  elevation  688 
is  approximately  280  cfs. 

5.  Gated  Spillway  Capacity  at  Normal  Pool.  N/A 

6.  Gated  Spillway  Capacity  at  Test  Flood  Elevation.  N/A 

7.  Total  Spillway  Capacity  at  Test  Flood  Elevation.  See  1.3.b.4  above. 
(Note  that  the  flashboards  are  not  easily  removable  and  that  it  is  questionable  as  to 
whether  or  not  the  flashboards  would  fail  if  overtopping  of  the  dam  occurred.) 

8.  Total  Project  Discharge  at  Top  of  Dam.  The  total  project  discharge 
at  top  of  dam  Elevation  687.5,  including  flow  through  the  one  of  the  14-inch 
diameter  outlets,  is  approximately  200  cfs  with  the  flashboards  in  place  and 
approximately  810  cfs  with  the  flashboards  removed. 

9.  Total  Project  Discharge  at  Test  Flood  Elevation.  The  total  project 
discharge  at  test  flood  Elevation  688,  including  discharge  over  the  spillway,  through 
the  low  level  outlet  and  over  the  dam,  is  approximately  550  cfs  with  the  flashboards 
in  place  and  approximately  1,200  cfs  with  the  flashboards  removed. 

c.  Elevation  (NGVD) 


1. 

Steambed  at  Toe  of  Dam 

650.5+ 

2. 

Bottom  of  Cutoff 

Varies 

3. 

Maximum  Tailwater 

Unknown 

4. 

Normal  Pool  (with  Flashboards) 

686.0 

5. 

Full  Flood  Control  Pool 

N/A 

6. 

Spillway  Crest  (With  Flashboards) 

686.0 

7. 

Spillway  Crest  (Without  Flashboards) 

683.5 

8. 

Design  Surcharge  (Original  Design) 

Unknown 

9. 

Top  of  Dam 

687.5 

10. 

Test  Flood  Surcharge 

688.0 

Reservoir  Length  (Feet) 

1. 

Normal  Pool 

800 

2. 

Flood  Control  Pool 

N/A 

3. 

Spillway  Crest  (with  Flashboards)  Pool 

800 

4. 

Top  of  Dam  Pool 

850 

5. 

Test  Flood  Pool 

880 
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e.  Storage  (Acre-Feet) 


1. 

Normal  Pool 

91 

2. 

Flood  Control  Pool 

- 

N/A 

3. 

Spillway  Crest  (with  Flashboards)  Pool 

91 

4. 

Top  of  Dam  Pool 

104 

5. 

Test  Flood  Pool 

109 

Reservoir  Surface  Area  (Acres) 

1. 

Normal  Pool 

7.5 

2. 

Flood  Control  Pool 

N/A 

3. 

Spillway  Crest  (with  Flashboards)  Pool 

7.5 

4. 

T op  of  Dam  Pool 

8.8 

5. 

Test  Flood  Pool 

9.4 

g.  Dam  Data 


1. 

2. 

3. 

4. 
3. 

6. 


7. 

8. 


9. 


Type 
Length 
Height 
Top  Width 

Side  Slopes  (Upstream) 

(Downstream) 

Zoning 


Earth  Embankment 
240  feet 
37  feet 
17  feet 
2.3  H:1V 
2  H:1V 

Impervious  material  upstream  of  concrete 


Impervious  Core 
Cutoff 

Grout  Curtain 


core  wall  and  pervious  material  downstream 
of  the  concrete  core  wall 
Concrete 

Extension  of  impervious  concrete  wall 
to  tight,  impervious  foundation  material 

None 


h.  Diversion  and  Regulating  Tunnel 

Not  applicable. 

i.  Spillway  (with  flashboards) 

1.  Type  Stone  Masonry  Channel  (with  flashboards) 

2.  Length  of  Weir  30  feet 

3.  Crest  Stone  Masonry,  Elevation  683.3 

4.  Top  of  Flashboards,  Elevation  686.0 

5.  Upstream  Channel  30-foot  wide  approach  apron 

6.  Downstream  Channel  30-foot  wide  chute  at  entrance,  tapers 

to  15-foot  width  in  a  distance  of  about 
90  feet,  sloped  at  7.5%,  cement  mortared 
stone  bottom  with  concrete  training  walls 
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Regulating  Outlets 


14-inch  diameter  Water  Iviain 


a.) 

Invert  Elevation  in 

the  concrete  well  under  the  Gatehouse  654.5 

b.) 

Size 

14-inch  Diameter 

c.) 

Description 

Bell  and  Spigot  Cast  Iron  Pipe 

d.) 

Control  Mechanism 

Gate  Valves  (one  at  Gatehouse  and  one 
approximately  30  feet  downstream  of 
dam) 

Reservoir  Drain 

a.") 

Invert  Elevation  in  the  concrete  well  under  the  Gatehouse  656.0 

b. ) 

Size 

14-inch  Diameter 

c.) 

Description 

Bell  and  Spigot  Cast  Iron  Pipe 
Gate  Valve  (one  at  Gatehouse) 

d.) 

Control  Mechanism 
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SECTION  2 


ENGINEERING  DATA 


2.1  Design 

Design  drawings  have  been  reduced  and  included  as  pages  B-l  through  B-4  of 
Appendix  B.  According  to  Mr.  Jakuboski,  the  Owner's  representative,  no  other 
design  information  is  available. 

2.2  Construction 


The  only  available  construction  information  is  shown  on  the  drawings  included 
in  Appendix  B. 

2.3  Operation 


Under  normal  operating  conditions,  water  flows  by  gravity  through  the  14-inch 
diameter  cast  iron  mid-level  intake  pipe  to  the  concrete  well  under  the  gatehouse 
and  then  to  a  holding  reservoir,  located  700  feet  downstream  of  the  dam,  via  a  14- 
inch  diameter  cast  iron  water  main.  The  discharge  is  controlled  by  adjusting  the 
opening  of  one  of  the  gate  valves  on  the  water  main  in  order  to  maintain  a  relatively 
constant  water  level  in  the  holding  reservoir.  If  desired,  the  operator  may  close  the 
mid-level  gate  and  draw  water  from  the  reservoir  via  the  low  level  gate.  In 
addition,  a  14-inch  diameter  reservoir  drain  or  an  8-inch  diameter  drain  on  the 
water  supply  main  may  be  opened  for  emergency  drawdown  or  maintenance 
operations.  For  inverts  of  the  above  mentioned  pipes,  refer  to  paragraph  1.3.b. 

2.4  Evaluation 


a.  Availability.  The  drawings  included  as  pages  B-l  through  B-4  of 
Appendix  B  are  available  from  the  Director  of  Physical  Plant;  Northfield-Mt. 
Hermon  School;  East  Northfield,  Massachusetts.  The  inspection  reports  in  Appendix 
B  were  obtained  from  the  Massachusetts  Department  of  Environmental  Quality 
Engineering. 

b.  Adeguacy.  The  construction  drawings,  inspection  reports,  information 
obtained  from  the  Owner's  representatives  and  the  field  inspection,  provided 
adequate  information  for  a  Phase  I  evaluation. 

c.  Validity.  With  the  exception  of  the  omission  of  the  14-inch  diameter 
cast  iron  pipe  reservoir  drain  from  the  drawings,  the  information  appears  to  be 
valid.  Where  possible,  field  measurements  were  made  to  verify  the  dimensions 
indicated  on  the  construction  drawings. 
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V 


SECTION  3 


VISUAL  INSPECTION 


3.1  Findings 


a.  General.  Northfield  School  Upper  Reservoir  Dam  was  inspected  on 
December  4,  1980.  At  that  time,  the  pool  elevation  was  5.5  feet  below  the  crest  of 
the  flashboards  in  the  spillway.  According  to  the  Owner's  representative,  the  water 
level  is  normally  at  or  near  the  top  of  the  flashboards.  The  prolonged  dry  weather 
period  has  been  responsible  for  the  unusually  low  water  level.  No  underwater  areas, 
other  than  those  which  could  be  seen  from  above  the  water  surface,  were  inspected. 

The  observations  and  comments  of  the  field  inspection  team  are  noted  on  a 
checklist  included  as  Appendix  A  of  this  report. 

b.  Dam.  The  dam  is  located  in  a  heavily  forested,  mountainous  region.  The 
abutments  and  downstream  toe  of  the  dam  are  overgrown  with  coniferous  trees.  A 
few  deciduous  trees,  including  a  few  saplings  growing  on  the  dam  crest,  may  be 
observed  among  the  large  pine  and  spruce  trees  which  surround  the  dam  and 
reservoir. 

The  dam  appears  to  be  in  fair  overall  condition.  The  upstream  face  of  the  dam 
appears  to  be  adeguately  protected  with  riprap.  No  evidence  of  settlement  or 
significant  structural  deterioration  was  observed;  however,  clear  seepage  (about  2 
gpm  in  each  location)  and  erosion  were  observed  at  the  toe  of  the  dam  near  the 
outlet  of  a  6-inch  diameter  vitrified  clay  toe  drain  pipe  and  at  each  of  the 
downstream  side  abutment  areas.  The  6-inch  diameter  toe  drain  pipe  was 
discharging  approximately  1  gpm  at  the  time  of  the  inspection.  A  similar  quantity 
of  seepage  was  observed  flowing  from  a  slightly  eroded  area  surrounding  the  outlet. 

The  downstream  side  abutments  are  each  eroded  at  the  seepage  areas 
indicated  on  Sheet  A  of  Appendix  C.  Seepage  at  the  north  side  abutment  has 
created  a  very  soft  and  slightly  eroded  area  appoximately  6  feet  wide  and  10  feet 
long.  The  seepage  toward  the  top  of  the  dam  at  the  south  side  abutment  has  created 
a  similar,  but  more  eroded  area.  The  area  is  approximately  10  feet  wide,  20  feet 
long,  and  has  a  1.5  foot  depression  at  the  upstream  end,  where  the  embankment  has 
been  eroded  away. 

Several  trees,  ranging  in  size  up  to  approximately  12  inches  in  diameter,  were 
observed  growing  at  the  downstream  toe  of  the  dam.  Further  downstream  of  the 
dam,  near  the  outlet  of  the  spillway  chute,  two  4-inch  diameter  pipes  were 
observed.  These  pipes  were  dry  at  the  time  of  the  inspection.  The  locations  of  the 
outlet  works  are  illustrated  on  Page  C-l  of  Appendix  C. 

c.  Appurtenant  Structures.  A  wooden  gatehouse,  which  is  located  on  the 
dam  crest  approximately  90  feet  from  the  northern  dam  abutment,  provides  access 
to  two  intake  gate  operators  and  one  low  level  outlet  gate  operator.  This 
arrangement  is  not  desirable,  since  the  outlet  pipes  upstream  of  the  gatehouse  are 
continuously  under  pressure.  The  gatehouse  has  a  32-foot  deep  concrete  well,  which 
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was  observed  to  have  superficial  spalling  at  its  exposed  exterior  corners.  To 
discourage  vandalism,  windows  have  not  been  installed  in  the  gatehouse. 


A  30-foot  wide  spillway  is  located  at  the  southern  dam  abutment.  The 

spillway  inlet  has  an  18-foot  long  by  30-foot  wide  approach  apron,  2.3-foot  high 

wooden  flashboards,  and  a  90-foot  long  discharge  chute  which  tapers  from  30  feet 
wide  to  15  feet  wide  at  its  outlet.  The  entire  spillway  system  is  in  good  condition, 
except  for  several  trees  overhanging  the  discharge  chute  and  it  appears  that  the 
flashboards  would  not  fail  prior  to  overtopping  of  the  dam.  Several  photos  of  the 
appurtenant  structures  are  included  in  Appendix  C. 

d.  Reservoir  Area.  The  watershed  consists  of  approximately  0.6  square 

miles  of  steep  and  forested  terrain.  Minor  erosion  could  be  observed  along  the  tree- 

lined  banks  of  the  reservoir,  but  no  significant  accumulations  of  silt  were  observed. 

Development  has  not  been  permitted  in  the  watershed  area. 

e.  Downstream  Channel.  The  discharge  channel  just  downstream  of  the 
spillway  chute  leading  to  Louisiana  Brook  is  free  of  deoris.  as  shown  on  photo  no.  6 
of  Appendix  C.  The  brook  itself  is  very  small  and  well  defined,  but  overgrown  with 
brush  and  trees  along  its  banks.  No  significant  flow  restrictions  are  evident  along 
the  channel  until  it  reaches  a  4-foot  square  box  culvert  at  Winchester  Road, 
approximately  3,000  feet  downstream  of  the  aam. 

3.2  Evaluation 


The  dam  is  considered  to  be  in  fair  overall  condition.  The  seepage  and  erosion 
areas  should  be  closely  monitored,  a  more  comprehensive  operation  and  maintenance 
program,  including  periodic  removal  of  brush  and  trees  from  the  dam  and  areas  in 
close  proximity  of  the  dam,  should  be  instituted,  and  valves  should  be  installed  at 
the  inlets  of  the  mid  and  low  level  outlets. 
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SECTION  4 


OPERATION  AND  MAINTENANCE  PROCEDURES 


4.1  Operation  Procedures 

a.  General.  Normal  operation  includes  gravity  flow  of  water  from  the 
reservoir  via  the  mid-level  14-inch  diameter  cast  iron  intake  pipe  to  the  concrete 
well  under  the  gatehouse.  In  the  well  water  enters  another  14-inch  diameter  cast 
iron  pipe  which  conveys  the  discharge  to  a  holding  reservoir  located  approximately 
700  feet  downstream  of  the  dam.  According  to  the  Operator,  a  constant  level  is 
maintained  at  the  holding  reservoir  by  adjusting  the  opening  of  gate  valves  located 
on  the  14-inch  diameter  water  main.  The  only  other  operating  procedure  consists  of 
checking  the  daily  pool  levels;  however,  stage  records  are  not  kept. 

b.  Description  of  any  Warning  System  in  Effect.  According  to  the  Owner's 
representative,  the  dam  would  be  monitored  during  an  extended  period  of  rapid 
snowmelt  and/or  rainfall.  Residents  in  the  downstream  hazard  area  would  be 
notified  if  the  water  level  approached  the  top  of  the  dam.  No  formal  warning 
system  has  been  established. 

4.2  Maintenance  Procedures 


a.  General.  According  to  the  Owner's  representative,  maintenance  is 
performed  as  needed.  No  formal  maintenance  program  has  been  established. 

b.  Operating  Facilities.  At  the  time  of  inspection,  only  the  mid-level 
intake  gate  was  found  to  be  operable.  Since  that  time,  however,  the  Owner's 
representative  has  informed  us  that  all  of  the  valves  have  been  exercised  and  now 
appear  to  be  in  good  condition.  No  routine  maintenance  of  operating  facilities  is 
performed. 

4.3  Evaluation 

Existing  operation  and  maintenance  procedures  should  be  improved  through  the 
implementation  of  a  more  comprehensive  program.  Periodic  maintenance  should  be 
performed  to  keep  the  dam  clear  of  extraneous  growth  and  to  ensure  reliable 
operation  of  the  outlet  works.  In  addition,  a  formal  downstream  warning  system 
should  be  developed  and  annual  technical  inspections  by  qualified,  registered 
engineers  should  be  performed. 


SECTION  5 


EVALUATION  OF  HYDRAULIC /HYDROLOGIC  FEATURES 


5.1  General 


Northfield  School  Upper  Reservoir  Dam  has  a  steep,  forested,  watershed 
ranging  from  El.  1319  at  Notch  Mountain  to  El.  686  at  the  normal  pool  elevation. 
Louisiana  Brook,  the  main  watercourse  to  the  Reservoir,  originates  approximately 

1.2  miles  to  the  southeast  of  the  reservoir  and  flows  in  a  westerly  direction  to  the 
reservoir  and,  ultimately,  to  the  Connecticut  River.  The  normal  storage  in 
Northfield  School  Upper  Reservoir  is  approximately  91  acre-feet. 

5.2  Design  Data 

According  to  a  letter  to  the  State  from  former  Director  of  Physical  Plant, 
Carl  A.  Pelzel,  the  original  flashboards  in  the  spillway  were  designed  to  fail  when  a 
predetermined  overtopping  depth  is  experienced.  (See  pages  B-18  and  B-19, 
Appendix  B.)  However,  the  current  flashboards  were  constructed  approximately 
three  years  ago  and  may  not  conform  to  the  original  design  of  failing  when  a 
predetermined  overtopping  depth  is  experienced.  No  further  hydraulic/hydrologic 
information  is  available,  according  to  the  current  Director  of  Physical  Plant. 

5.3  Experience  Data 

Personnel  from  the  Northfield  -  Mt.  Hermon  School  check  the  reservoir  pool 
elevation  daily,  but  stage  records  are  not  kept. 

5.4  Test  Flood  Analysis 

The  recommended  test  flood  range  for  a  "Small"  size,  "Significant"  hazard  dam 
is  from  the  100-year  design  storm  to  one-half  of  the  probable  maximum  flood  (PMF). 
Because  the  height  of  the  dam  is  close  to  the  upper  limit  of  40  feet  established  for  a 
"Small"  size  dam  and  the  potential  for  appreciable  property  damage  at  a  residence 
located  about  150  feet  downstream  Winchester  Road,  the  selected  test  flood  is  one- 
half  of  the  PMF. 

Hydraulic  and  hydrologic  calculations  were  performed  with  the  assistance  of 
HEC-l-DB  computer  program.  Flood  hydrographs  were  developed  from  Snyder  unit 
hydrographs  using  average  coefficients,  an  initial  infiltration  value  of  zero  and  a 
constant  loss  rate  of  0.05  inches  per  hour.  The  test  flood  runoff  was  reduced 
according  to  the  "Hop  Brook"  reduction  factor1,  a  hypothetical  value  which  takes 
into  account  the  size  of  the  drainage  area  and  the  probability  of  the  storm  area 
coinciding  with  the  drainage  area.  The  routing  analysis  consisted  of  constructing 
the  inflow  hydrograh  for  the  test  flood  and  routing  it  over  the  dam.  Stage  vs. 
discharge  and  stage  vs.  storage  relationships  were  developed  to  obtain  the  outflow 
hydrograph.  The  reservoir  pool  was  assumed  to  be  at  the  crest  of  the  flashboards  at 
the  beginning  of  the  test  flood  storm  event. 

1 

Corps  of  Engineers,  Engineering  Circular  No.  1110-2-27,  Aug'  66 
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The  peak  test  flood  inflow  to  Northfield  School  Upper  Reservoir  was  computed 
to  be  approximately  550  cfs  (920  csm).  The  peak  test  flood  outflow  was  also  550  cfs 
and  resulted  in  a  0.5-foot  depth  of  flow  over  the  dam.  -The  spillway  (with  trie 
flashboards  in  place)  has  a  discharge  capacity  of  about  180  cfs,  or  roughly  33 
percent  of  the  routed  test  flood  outflow,  assuming  the  reservoir  pool  is  at  the  top  of 
the  dam. 

Assuming  the  flashboards  are  removed  or  fail  prior  to  overtopping  the  the 
dam,  the  spillway  capacity  would  then  be  aproximately  790  cfs  or  about  44  percent 
in  excess  of  the  routed  test  flood  outflow. 

5.5  Dam  Failure  Analysis 

Failure  of  the  dam  was  simulated  through  the  use  of  the  HEC-l-DB  computer 
program.  This  failure  was  assumed  to  be  60  feet  wide  by  31  feet  deep  and  was 
initiated  when  the  resevoir  pool  elevation  reached  the  top  of  the  dam  during  a  0.13 
PMF  storm  event.  The  quantity  of  breach  discharge  for  this  size  dam  is  very 
sensitive  to  the  duration  over  which  the  breach  is  assumed  to  develop.  Therefore, 
two  durations  were  evaluated:  1)  a  15-minute  breach  and  2)  a  1.5-hour  breach.  For 
the  purposes  of  this  report,  breach  discharges  corresponding  to  the  15-minute 
duration  breach  are  discussed.  The  discharge  resulting  from  the  breach  was  routed 
along  Louisiana  Brook  for  a  distance  of  approximately  0.6  mile  to  a  4-foot  square 
box  culvert  under  Winchester  Road. 

Just  prior  to  failure  of  the  dam,  a  discharge  of  approximately  260  cfs  would  be 
experienced  at  the  Winchester  Road  culvert.  The  corresponding  pool  surface 
upstream  of  the  road  culvert  was  computed  to  be  at  El.  387.8,  or  just  below  the  road 
surface.  As  a  result  of  the  simulated  dam  failure,  a  peak  discharge  of  5,490  cfs, 
with  a  maximum  stage  of  El.  391.4  was  computed  at  Winchester  Road  (3.4  feet  over 
the  road). 

Such  a  discharge  would  result  in  a  depth  of  flow  of  between  one  and  two  feet 
at  a  residence  located  approximately  150  feet  downstream  of  Winchester  Road  and 
would  cause  appreciable  property  damage,  with  the  possible  loss  of  a  a  few  lives. 
According  to  Corps  criteria,  the  damage  potential  for  failure  of  the  Northfield 
School  Upper  Resevoir  Dam  places  the  dam  in  the  "Significant"  hazard 
classification. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Visual  Observations 


The  dam  was  observed  to  be  in  fair  overall  condition.  No  obvious  signs  of 
settlement  or  structural  movement  of  the  dam  were  observed.  Minor  spalling  was 
observed  at  tne  corners  of  the  gatehouse,  but  no  structural  deficiencies  were 
observed.  The  interior  walls  of  the  aatewell  were  not  examined;  however,  Mr. 
Wayne  Black,  Water  Superintendent,  believes  the  walls  are  in  good  condition. 

Clear  seepage  was  observed  at  the  groin  areas  of  each  abutment  and  at  the  toe 
of  the  dam  near  the  outlet  of  the  6-inch  diameter  toe  drain  pipe.  In  each  location, 
the  seepage  was  estimated  to  be  about  two  gallons  per  minute  of  clear  flow; 
however,  moderate  erosion  and  extremely  soft  ground  conditions  were  observed  at 
the  abutment  locations.  The  area  around  the  toe  drain  outlet  is  slightly  eroded.  The 
seepage  warrants  further  investigation. 

6.2  Design  and  Construction  Data 

Plans  of  the  dam  and  its  appurtenances  are  included  in  Appendix  B.  According 
to  Mr.  Jakuboski,  further  information  is  not  available. 

6.3  Post  Construction  Changes 

The  only  known  modification  was  made  about  three  years  ago  when  new 
flashboards  were  installed  in  the  spillway.  No  plans  exist  for  that  construction, 
according  to  Mr.  Jakuboski. 

6  A  Seismic  Stability 

Northfield  School  Upper  Reservoir  Dam  is  located  in  Seismic  Zone  2  on  the 
"Seismic  Zone  Map  of  Contiguous  States."  Therefore,  according  to  the  "Recom¬ 
mended  Guidelines  for  Phase  I  Dam  Inspections,"  the  dam  need  not  be  evaluated  for 
seismic  stability. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition.  From  visual  inspection,  it  appears  that  the  dam  is  in  fair 
overall  condition.  Potentially  serious  conditions  exist  at  each  of  the  abutments  and 
at  the  toe  of  the  dam,  where  clear  seepage  'about  2  gpm  in  each  location)  and 
erosion  have  been  observed.  The  remainder  of  the  dam  appears  to  be  structurally 
sound,  but  the  presence  of  trees  on  and  close  to  the  dam  suggest  that  maintenance 
should  be  performed  on  a  more  regular  basis.  The  flashboards  at  the  spillway  inlet 
appear  to  be  permanent  and  severely  restrict  the  spillway  capacity.  Infrequent 
exercising  of  valves  on  the  outlet  works  was  identified  as  an  operational  deficiency. 

b.  Adequacy  of  Information.  The  visual  inspection,  along  with  the  infor¬ 
mation  provided  by  the  Director  of  Physical  Plant  at  the  Northfield  -  Mt.  Hermon 
School,  and  inspection  reports  provided  by  the  Massachusetts  Department  of 
Environmental  Quality  Engineering,  proved  adequate  for  a  Phase  1  evaluation  of 
Northfield  School  Upper  Reservoir  Dam. 

c.  Urgency.  The  recommendations  and  remedial  measures  described  in  this 
Section  should  be  implemented  within  one  year  of  receipt  of  the  Phase  I  Inspection 
Report. 

7.2  Recommendations 


The  Owner,  the  Northfield  -  Mt.  Hermon  School,  should  retain  the  services  of 
a  qualified,  registered  professional  engineer,  experienced  in  the  design  and  construc¬ 
tion  of  dams,  to: 

1.  Investigate  the  source  and  nature  of  the  seepage  observed  along  the 
downstream  side  abutment  areas  and  at  the  toe  of  the  dam  and  recommend 
appropriate  corrective  measures.  Eroded  areas  at  those  locations  should  be  filled, 
regraded  and  reseeded. 

2.  Perform  a  detailed  hydraulic/hydrologic  analysis  to  assess  the  need 
for  increasing  the  spillway  capacity. 

3.  Direct  the  removal  of  trees  and  their  root  systems  from  the 
embankment  and  the  area  to  within  2G  feet  of  the  toe  and  direct  the  backfilling  of 
any  remaining  voids  with  suitable,  thoroughly  compacted  material. 

4.  Design  and  direct  the  installation  of  control  facilities  at  the  inlets 
of  the  mid  and  low  level  outlets. 


Recommendations  of  tne  engineer  should  be  implemented  by  the  Owner  as 
soon  as  practicable. 

7.7  Remedial  Measures 

The  following  operation  and  maintenance  procedures  should  be  implemented  by 
the  Owner: 

1.  Initiate  a  comprehensive  operation  and  maintenance  program, 
designed  to  keep  the  dam  free  of  extraneous  growtn  ana  ensure  the  safe  and  reliable 
operation  of  all  operating  facilities. 

2.  Initiate  a  program  of  annual  technical  inspection. 

3.  Verify  tne  operabilitv  of  all  outlet  valves. 

4.  Immediately  remove  the  flashboards  from  the  spillway. 

5.  Monitor  tne  seepage  areas  identified  in  the  report,  until  such  time 
that  an  engineer  can  perform  the  analyses  discussed  in  Section  7.2. 

6.  Develop  a  formal  surveillance  and  downstream  warning  system. 

7.4  Alternatives 

No  valid  alternatives  to  the  recommendations  and  remedial  measures  de¬ 
scribed  above  are  considered  feasible  for  this  site. 
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VISUAL  INSPECTION  CHECK  LIST 


INSPECTION  TEAM  ORGANIZATION 


Project:  Grandin  Reservoir  Dam  (h'erthjiefj  Jc/trpJ fesen/ar  Earn) 

National  I  .D.#:  MA  00051 _ _ _ _ 

Location:  Northfield,  Massachusetts 
Type  of  Dam:  E^rth  Embankment 

Inspection  Date(s):  December  4,  1980 _  _ 

Weather:  Partly  Cloudy,  Cool 
Pool  Elevation:  680.5+  NGVu* 


Inspection  Team 

Lee  DeHeer 
Leonard  Beck 
Steven  Snider 
Alan  Hanscom 
Denis  Mehu 


O'Brien  &  Gere 
O'Brien  &  Gere 
O'Brien  &  Gere 
O'Brien  &  Gere 
Bryant  &  Associates 


Managing  Engineer 
Structures 

Foundations  &  Materials 
Structures 

Hydrology/Hydraul  ics 


Owner's  Representative 


Mr.  David  Jakuboski ,  Director  of  Physical  Plant; 


Northfield  School;  East  Northfield,  Massachusetts 


(Tel.:  413/498-5311) 


♦Estimated  from  an  assumed  spillway  crest  (permanent  flashboard)  elevation 
of  686.+  indicated  on  the  "Northfield,  Mass.  -  N.H.  -  Vt."  USGS  map. 
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VISUAL  INSPECTION  CHECK  LIST 

Project:  Grandin  Reservoir  Dam  {A/rr/t't  //  f/d  <St?/j&c>/ Cjpp&r  Ezse’rvo/r  Jj&m^ 

National  l.D.  //:  MA  00051 


Date(s):  December  4,  1980 


AREA  EVALUATED 
DAM  EMBANKMENT 


CONDITIONS 


Crest  Elevation 


687.5  NGVD 


Current  Pool  Elevation 


680.5  NGVD 


Maximum  Impoundment  to  Date 
Surface  Cracks 


Unknown 
None  Observed 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at  Concrete 
Structures 


Indications  of  Movements  of  Structural 
Items  on  Slopes 


Trespassing  on  Slopes 


Vegetation  on  Slopes 


Sloughing  or  Erosion  of  Slopes  or  Abutments 


NA 

None  Observed 

None  Observed 

Appears  to  be  good 

Appears  to  be  good 

Generally,  good  at  spillway  walls. 
Some  cracking  at  NW  corner  of 
gatehouse. 

None  Observed 

No  indications  observed 

Moderate  brush  growth  on  d/s  slope 
and  at  west  side  abutment. 

Sloughing  observed  at  top  of  rip-rap 
on  u/s  slope  and  at  groin  areas. 


Rock  Slope  Protection  -  Riprap  Failures 


Entire  u/s  face  is  paved  per 
drawings.  Minor  displacement  of  rip¬ 
rap  toward  crest  of  dam  on  u/s  face. 


VISUAL  INSPECTION  CHECK  LIST 


Project:  Grandin  Reservoir  Dam  (  Settee*  Reserve/''  7, 

National  l.D.  //:  MA  00051 

Date(s):  December  4,  198G 


AREA  EVALUATED 


CONDITIONS 


DAM  EMBANKMENT  (Con'D 


Unusual  Movement  or  Cracking  at  or  near  Toes 


Unusual  Embankment  or  Downstream  Seepage 


Piping  or  Boils 


Foundation  Drainage  Features 


Toe  Drains 


Instrumentation  System 


Sloughing  observed  at  each  groin  area 
near  the  toe  of  the  embankment. 

Seepage  at  each  groin  area  toward 
toe  of  dam  and  around  sides  of  toe 
drai ns . 

None  Observed 


Toe  Drains  (see  Appendix  B) 


NA 
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VISUAL  INSPECTION  CHECK  LIST 


Project:  Grandi  n  Reservoir  Dam  SaJic>oJ C/,pjDf>r  Fersen/etr  Darr^ 


National  I.D.  //:  MA  00051 


Date(s):  December  4,  1980 


AREA  EVALUATED 


OUTLET  WORKS  -  SPILLWAY  WEIR,  APPROACH 
AND  DISCHARGE  CHANNELS 


a.  Approach  Channel  (Approach  Apron) 


General  Condition 


Loose  Rock  Overhanging  Channel 


CONDITIONS 


Trees  Overhanging  Channel 


Floor  of  Approach  Channel 


b.  Weir  and  Training  Walls  (Discharge 

Channel) 


General  Condition  of  Concrete 


Rust  or  Staining 


Spalling 


Any  Visible  Reinforcing 


Any  Seepage  or  Efflorescence 


Drain  Holes 


c.  Discharge  Channel 


18'+  length  -  exposed  during  inspection. 


Very  good. 


None  observed. 


None  observed. 


Stone  Masonry  -  very  good  condition. 


Good. 


None  observed  -  Moss  covered  in  some 
places . 

Minor  spalling  observed. 


None  observed. 


None  observed, 


None  observed. 


General  Condition 


Good. 


VISUAL  INSPECTION  CHECK  LIST 


Project:  Grand  in  Reservoir  Dam  { forth  Ae/J  ScJt»c>/ k/*>er  £eservs»r  2>arrt) 


National  I.D.  //:  00051 

Date(s):  December  4,  1980 


AREA  EVALUATED 

OUTLET  WORKS  -  SPILLWAY  WEIR,  APPROACH 
""AND  DISCHARGE  CHANNELS  (Con't) 


Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Channel 


CONDITIONS 


None  observed. 

Several,  mostly  coniferous,  on  east 
of  spi 1 Iway  channel . 

Stone  Masonry 


Other  Obstructions 


None  observed. 


VISUAL  INSPECTION  CHECK  LIST 


Project:  Grandin  Reservoir  Dam  ( Ner-fh J/e/d SaJiepf  tapper  L&r7 

National  I.D.  //:  MA  00051 _ 

Date(s):  December  4,  1980 


AREA  EVALUATED 


CONDITIONS 


OUTLET  WORKS  -  INTAKE  CHANNEL  AND 


INTAKE  STRUCTURE 


a.  Approach  Channel 
Slope  Conditions 
Bottom  Conditions 

Rock  Slides  or  Falls 
Log  Boom 

Debris 

Condition  of  Concrete  Lining 
Drains  or  Weep  Holes 


NA 

(Water  enters  gatehouse  chamber 
via  one  of  two  14-inch  diameter 
intake  pipes.  See  Appendix  B.) 


b.  Intake  Structure  (Gatehouse) 
Condition  of  Concrete 
Stop  Logs  and  Slots 


Exterior  cracking  observed  at  NW 
corner. 

NA 


VISUAL  INSPECTION  CHECK  LIST 


Project: 

Grandin  Reservoir  Dam  (Ajer/.hJt'e/J  £0/700/  typer''  £esen/o'/r 

National  I.D.  //: 

MA  00051 

Date(s): 

December  4,  1980 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS 

-  CONTROL  TOWER 

I  a.  Concrete  and  Structural 
General  Condition 

Condition  of  Joints 
Spalling 

Visible  Reinforcing 

Rusting  or  Staining  of  Concrete 

Any  Seepage  or  Efflorescense  I 

Joint  Alignment 

Unusual  Seepage  or  Leaks  in  Gate  Chamber 
Cracks 

Rusting  or  Corrosion  of  Steel 
b.  Mechanical  and  Electrical 

Air  Vents 

Float  Wells 


Good 

NA 

Moderate  at  NW  corner  of  gatehouse 
None  Observed 
Minor  Staining  Observed 
None  Observed 

Alignment  appears  to  be  good 
Unknown 

Exterior  cracking  observed  at  NW 
corner  of  gatehouse 

None  observed 

No  mechanical  ventilation 

None 


Crane  Hoist 


NA 


[ 

Project: 
National  I.D.  //: 


VISUAL  INSPECTION  CHECK  LIST 

Grandin  Reservoir  Dam  (jjcrj-h-//'e/d School Oppef  £e’Si?rvo/r  Jjsrn) 
MA  00051 


Date(sl:  December  4,  1980 


AREA  EVALUATED 


OUTLET  WORKS  -  CONTROL  TOWER  (Con'O 


Elevator 


Hydraulic  Svstem 


Service  Gates 


CONDITIONS 


None 


NA 


Three  sluice  gates  -  operable 


Emergency  Gates 

Lighting  Protection  System 

Emergency  Power  System 

Wiring  and  Lighting  System  in 
Gate  Chamber 


Made  operable  after  date  of 
inspection 

Unknown 

NA 

None 
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VISUAL  INSPECTION  CHECK  LIST 

Project:  Grandin  Reservoir  Dam  (Ajpr-fhfie/d ScJjpo/ C/FPer ges<?rve>/r2>?i77) 

National  I.D.  it:  MA  00051 

Date(s):  December  4,  1980 

AREA  EVALUATED 

CONDITIONS 

OUTLET  WORKS  -  TRANSITION  AND  CONDUIT 

General  Condition  of  Concrete 

No  Headwall 

Rust  or  Staining  on  Concrete 

NA 

Spalling 

NA 

Erosion  or  Cavitation 

Erosion  observed  at  outlet  (see  photos. 
Appendix  C) 

Cracking 

NA 

Alignment  of  Monoliths 

NA 

Alignment  of  Joints 

NA 

Numbering  of  Monoliths 

NA 
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CHECKLIST 
ENGINEERING  DATA 
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obtained  from  the  Massachusetts  DEQE  files. 


INSPECTION  REPORT  -  DAMS  AND  RESERVOIRS 


LOCATION: 


Sadat/Town  Northfield  .  County  Franklin _ .  Dan  No.  2-6-21 7-A 

Name  of  Dan  Northfield  School  Upper  "Main11  Reservoir  Par. _ , 

Mass.  Rect. 

Topo  Sheet  No.  .  Coordinates:  N  627,900 _ ,  £  35^  >900 _ . 


Date 

Inspected  by: Harold  T.  Shunway  ,  QnSept.  23,  1977  .  Last  Inspection  1 1  /I 8/75  . 


OUNER/S :  As  of 

per:  Assessors 

September  23,  1977 

,  Reg.  of  Deeds 

y 

,  Prev.  Insp.  , 

Per.  Contact 

X 

• 

Northfield,  r 

■It.  Hermon  School, 

Northfield, 

Mass. 

Name 

St.  ic  No. 

City/I own 

State 

Tel.  No. 

2. 

Name 

3...  .  _  . 

St.  oc  No. 

City/Town 

State 

Tel.  No. 

Name 

St.  a-  No. 

City /'Town 

State 

Tel.  No. 

-  CARETAC2R:  (if  any)  e.g.  superintendent,  plant  manager,  appointed  by 
absentee  owner,  appointed  by  multi  owners, 

Mr.  Reynold  Henry 

Director  of  Physical  Plant,  Northfield  School,  Hast  Northfield,  Mass.  498-5311  ext.  244 
Name  St.  ic  No.  City/Town  State  Tel,  No. 


DATA: 


No.  of  Pictures  Taken  ‘'one  .  Sketches  See  description  of  Dam. 
Plans,  Where Infiles  of 'Physical  Plant  Office  on  School  Grounds, 


DEGREE  OF  HAZARD:  (if  dam  should  fail  completely)* 

1.  Minor _ .  3.  Severe _ ^ 

2.  Moderate _ .  4.  Disastrous. 


Comrenta* Approx*  million  gallons  impoundment-failure  could  affect  streets  and 
homes  a  snort  distance  downstream. ~  “  ' 

♦This  rating  may  change  as  land  use  changes  (future  development) . 
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OUTLETS:  OUTLET  CONTROLS  At®  DRAWDOWN 

South  end  of  dam-concrete  and  stone  masonry  side  enure 
No.  1  Location  and  Type:  overflow  spillway- 30*  w  x  4'  h  x  _ 


Controls 


Yes  f  TYPE*  x  x  ?0'  flashboaras 


Automatic 


Manual  X  Operative  Yes  ^  ,  No 


1"  I.P.  stanchions  for  f dashboards  designed  to  fail  at 

Comments : _ certain  pressures. _ 

Approx,  center  of  dam-gate  well  intake  structure. 

No.  2  Location  and  Type:  Intake  pipes-2  ea.  IV  dia.  C.I.  outlet  pipes  1  ea. 

74"  diam.  C.T.  water  ir.ain-l  ea.  W  pipe  Diow-oii. 
Controls Yes  ,  Type:  Gate  valves  on  all  pipes _ 


_.  Manual  X  .  Operative  Yes  x  .  No 


Automatic _  _  _ _ 

Minor  spalling  of  concrete  on  foundation  wails  of  gatewell. 
Comments:  14"  diam.  blow-off  pipe  not  shown  on  proposed  plans  of  dam. 


No.  3  Location  and  Type: _ 

Controls _ ,  Type: 


Automatic_ 
Comments : 


Manual 


.  Operative  Yes 


,  No 


Drawdown  present  Yes  X  ,  No  .  Operative  Yes  .No 
Comments :  Operable  psT-'hPrd  of  maintenance  personnels - 


DAM  UPSTREAM  FACE:  Slope  Dp'-  1 


Depth  Water  at  Dam 


n  2*8"  to  top  f dashboards . 


Material:  Turf  ^  .  Brush  a  Trees _ .  Rock  fill _ .  Masonry  .Wood _ , 

Other  12"  paving  bedded  in  gravel. 


Condition:  1.  Good 


3.  Major  Repairs_ 


2.  Minor  Repairs 


4.  Urgent  Repairs 


Comments : 


DAM  DOWNSTREAM  FACE:  Slope  2:1 _ . 

Material:  Turf  x  Brush  a.  Trees _ .  Rock  Fill 

Other 


Cone.  &  Stone 

Masonry  X  Wood 
Spillway 


Condition:  1,  Good _ •  3»  Major  Repairs  , 

2.  Minor  Repairs _ .  4.  Urgent  Repairs _ . 

Slope  has-been  cleared  of  .brush  &  tree  growth-growth  still  exists  along 
Comments: _ toe  of  slope-seepage  flows  neavy-3ee  remarks.  , 
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EMERGENCY  SPILLWAY :  Available  Yes .  Needed _ . 

Height  Above  Normal  'dated  Unknown  Ft.  Flashboards  in  place  2' 6"  high  at  entrance.^to^ 


Width 

__Pt. 

Height 

4  ..  .  ,  cone,  walls-conc.  &  stone 

Ft.  iv3.ten.al 

Condition: 

1. 

Good_ 

• 

pavea  floor. 

3.  Major  Repairs 

2. 

Minor 

Repairs _ 

X  .  4.  Urgent  Repairs 

Comments:  Minor  weed  and  grass  growth  noted  in  small  crevices  existing  in 
stone  paved  floor. 


5  Ft .  At 


:10) 

WATER  LEVEL  AT  TIPS  OF  INSPECTION: 

Top  Dam  Y _  F.L.  Principal  Spillway 

Other 


ove 


Below 


Normal  Freeboard 


1  >-4" 


't.  with  flashboards  in  place. 


SUMMARY  OF  DEFICIENCIES  NOTED: 

Growth  (Trees  and  Brush)  on  Embankment  -Nor-e  Cound  on  slopes  or  lop  o.  cmtc..., 
Animal  Eurrows  and  Washouts 


Damage  to  Slopes  or  Top  of  Dam 


None  found 
None  found 


Cracked  or  Damaged  Masonry  Minor  spalling  of  concrete  intake  well.  . 

Se o ps.^6  i'iov:  no  t  aTppY'o'X  •  "^0  ^  nor trh  snd  s u.t.b'w /.* *■"  V?'1' 

.  ~  -  _ m  _  a. _  ■C'  "TT  1 T  C*  r-\-i  T  /lAcf  on 


in  elev.  than  outlet  end  of  b  inch  V.C.  pipe  located  at  toe  of 


Q,uestionatle-see  seepage  above  and  leaks  below. 


Evidence  of  Seepage_ 

Evidence  of  Piping _  _  _ _ _ _ , ,  ,  ~£.  , 

A  flow  of  several  u.i  ,.i.  was  emerging  fro”i  o^litv  end  ol  ~  lrrcrr  . 

Leaks toe  of  slooe-origin  of  pipe  unknown-small  flow  also  noted^al _ side  of 


Erosion 


None  found 


Trash  and/or  Debris  Impeding  Flow 

Clogged  or  Blocked  Spillway _ 

Other 


None  found 


None  found 


slone. 


pipe. 
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OVERALL  CONDITION: 

1.  Safe _ _ _ • 

2.  Minor  repairs  needed _ y _ ___ 

3.  Conditionally  safe  -  major  repairs  needed _ 

4.  Unsafe _ . 

5.  Reservoir  impoundment  no  longer  exists  (explain) 

Recommend  removal  from  inspection  list _ 


REMaRICS  AND  RECO^IENDATTONS:  (Fully  Explain) 

Mr.  C.  E.  Wiggin  and  Mr.  Severance  of  the  Korthfield  School  physical  plant  were 
present  during  this  inspection. 


A  considerable  amount  of  brush  and  small  trees  have  been  cut  on  lower  slope.  The 
grade  and  alignment  of  dam  appears  good. 

The  seepage  and  or  leak  noted  at  toe  of  slope  in  area  of  6  inch  V.C,  pipe  is 
completely  reversed  from  what  was  found  2  years  ago,  see  inspection  report  dated 
11-18-75.  At  present  time  a  small  seepage  flow  was  noted  emerging  from  the 
ground  along  the  outside  of  the  6  inch  V.C.  pipe,  while  a  flow  of  several  C-.P.M.  was 
noted  emerging  from  the  6  inch  V.C.  pipe  itself.  Origin  of  this  6  inch  pipe  is 
still  unknown  and  so  it  is  difficult  to  evaluate  the  seriousness  of  the  existing 
conditions.  A  minor  amount  of  fines  were  noted  below  the  outlet  end  of  the  6  inch 
Pipe. 

Another  seepage  area  30'  i  north  of  the  6  inch  V.C.  pipe  and  higher  up  on  the 
slope  was  also  noted.  This  area  existed  at  last  inspection  and  does  not  appear  to 
have  increased  any  in  volume  of  flow.  According  to  proposed  plans  on  file  of  dam 
dated  October  2,  1933t  a  concrete  core  wall  exists  to  within  2  ft.  of  top  of  dan. 

The  six  inch  V.C.  pipe  is  not  shown  on  these  plans,  nor  is  a  l4  inch  C.I. 
blow-off  pipe  which  outlets  just  south  of  the  six  inch  pipe. 

It  is  assumed  that  the  l4  inch  blow-off  pipe  originates  in  the  gatehouse  well. 

Since  the  well  has  never  been  drained,  to  the  memory  or  knowledge  of  present  school 
maintenance  personnel,  it  could  be  that  the  6  inch  V.C.  pipe  also  originates  in  the 
gate  well  and  that  the  seepage  flows  or  leaks  start  in  that  area.  It  would  seem 
advisable  for  the  owners  to  check  before  it  creates  a  serious  hecard  to  safety  of 
dam. 

The  dam  appeared  to  still  be  basically  sound  and  safe  on  day  of  inspection. 

HTS : ma 


B-8 


5/ie-  C&o  m  nify/i  wead/t?-  < 

ZYSCUTIVS  CFFICZ  of  Eir/TEONIENTAL  affairs 
department  c?  environmental  quality  engr. 

DIVISION  OF  WATERWAYS 


/ 66  o/  \asrfztO'  ^/HsccA,  62/A/ 

June  11,  1976 


Kr.  Reynold  Henry 
Korthfield  School 
Zest  Korthfield,  Massachusetts 

Dear  Sir: 


RE:  Inspection  Dari  #2-^16- 217-U 
Kcrthfiold  * 

Korthfield  School  Upper  Main 
Reservoir  Dan 


On  November  18,  1975  ,  an  Engineer  from  the  Massachusetts  Department 

of  Public  Works  made  a  visual  inspection  of  the  above  dam.  Our  records  indi¬ 
cate  the  owner  to  be  Mt.  Hermon  School,  Northfield.  If  this  information 

is  incorrect  will  you  please  notify  this  office. 

The  inspection  was  made  in  accordance  with  the  provisions  of  Chapter 
253  of  the  Massachusetts  General  Laws  as  amended  (Dams-Safety  Act).  Chapter 
706  of  the  Acts  of  1975  transferred  the  jurisdiction  of  the  so-called  "Dams 
Safety  Program"  to  the  Commissioner  of  the  Department  of  Environmental  Quality 
Engineering. 

The  results  of  the  inspection  indicate  that  this  dam  is  safe;  however 
the  following  conditions  were  noted  that  require  attention: 

Remove  brush  from  top  and  downstream  slope. 

On  northerly  end  of  dike,  at  toe  of  slope,  a  6"  V.C.  pipe  end 
was  observed.  There  appears  to  be  considerable  flow  along  the 
outside  of  this  pipe. 

It  is  recommended  that  conditions  in  this  area  bo  closely 
monitored  for  any  changes  in  characteristics. 


We  call  these  conditions  to  your  attention  before  they  become  serious 
and  more  expensive  to  correct.  With  any  correspondence  please  include  the 
number  of  the  Dam  as  indicated  above. 


'■•j 


:o::  .did  rpsehvcirs 


LOCATION: 

T  own  Northfield 


.  County  Franklin 


Nc.  2-6-21 7-4 


Name  of  Dam  Northfield  School  upper  "Main"  Reservoir  Dam _ 

Maas.  Rest. 

Topo  Sheet  No.  13  A  .  Coordinates:  N  627 . 900 _ ,  E  351  , 900 


Inspected  by:  Harold  T.  Shumway  .  Cn  Nov.  18.  1976.  Last  Inspection  9-5-73 


ONNER/S :  as  of  November  18,  1975 


per:  Assessors 


,  Reg.  of  Deeds _ ,  I  rev.  Insp.  X  ,  Per.  Contact  X 


I.  Northfield .  Mt.  Herm  on  School.  Northfield.  Mass. 
I'iame  St.  u.  No,  City/I cv?n 


State  Tel.  No. 


>t.  <x  No. 


City/Iov.Ti  State  Tel.  No. 


City/Iov.T. 


Tel.  No. 


s.  -  CARZTaIZR:  (if  any)  e.g.  superintendent,  plant  manager,  appointed  by 
absentee  owner,  appointed  by  multi  owners. 

Mr.  Reynold  Henry  Northfield  School, 

Director  of  Physical  Plant  East  Northfield,  Mass.  413  -  498-5311  Ext.  2-4 
Name  St.  6c  No.  City/Tcwn  State  Tel,  No. 


No.  of  Pictures  Taken  none  .  Sketches  See  description  of  Dam. 
Plans,  'Jhere  Files  of  physical  plant  office  on  school  grounds. 


DEGREE  OF  HAZARD:  (if  dam  should  fail  completely)* 


1 .  Minor 


2.  Moderate 


3 .  Severe  X 

4.  Disastrous 


Comments :  31  million  gallons  impoundment  -  could  affect  streets  and  homes  down-, 
stream  a  short  distance. 

♦This  rating  may  change  as  land  use  changes  (future  development). 
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CUTLETS :  OUTLET  CONTROLS  <i2©  DRAWDOWN 


cone,  and  stone  masonry  side  chute 
No.  1  Location  and  Type:South  end  of  dann  -  spillway  -  30'W.  x  4'H.  x  134’L.  . 

Controls  yes  .  TYPE:  3"  x  g’-B”  x  30'  fiashboards. _ . 

Autoir.atic _ .  Manual  X  Operative  Yea  X  ,  No _ , 


Comments :  1"  dia.  I.P,  stanchions  for  fiashpoards  designed  to  fail  at  cental n 
pressures . 

No,  2  Location  and  Type:  Anorox.  center  of  darn  -  Gate  well  intake  structure, 


Controls  ves 


Intake  -2  ea.  14"  dia.  C.l,  pines  -  outlet  pipes  -  1  ea.  I4"dia 
C,J*.  wa^er  rriain  -  1  ea.  14'1  pipe  biow-ofr,  all  pioes  equipped 
type :  wim  ^nrp  \y :a 1 \_/ra cr  » 


Automati c 


Manual  X  Operative  Yes  X  .  No 


Comments:  14”  dia.  C.l.  blow-off  oioe  not  shown  on  oronosed  Dians  of  dam. 


No.  3  Location  and  Type: _ 

Controls  .  Type: _ 

Automatic _ .  Manual _ .  Operative  Yea _ ,  No_ 

Cements : _ _ 

Drawdown  present  Yes  x  ,  No _ ,  Operative  Yes  x  ,  No_ 

Concents:  Per  word  of  Maintenance  Supervisor.  _ 


DJAI'j  UPSTREAM  FACE:  Slope  2  1/2:1 _ ,  Depth  Mater  at  Dam2'-8"  to  top  fiashboards. 

Material:  Turf  X  .  Brush  u  Trees _ .  Rock  fill _ .  Masonry _ .Mood _ . 

Other  12"  stone  paving  bedded  in  gravel. _ . 

Condition:  1.  Good  X _ •  3*  Major  Repairs _ . 

2.  Minor  Repairs _ .  4.  Urgent  Repairs _ . 

Comments:  Heavy  growth  of  weeds,  should  be  cut  off  to  prevent  brush  growth. 


DAM  DOWNSTREAM  FACE:  Slope  2:1 _ . 

Cone.  &  stone 

Material:  Turf  X  .  Brush  a  Trees  X  .  Rock  Pill _ ,  Masonry  X  .  Uood _ 

Spillway 

Other _ _ _ . 

Condition:  1.  Good _ .  3*  Major  Repairs  X _ . 

2,  Minor  Repairs _ .  4.  Urgent  Repairs _ . 

Comments :  Heavy  flow  of  water  along  outside  of  a  6"  dia.  V.C.  pipe  at  toe  of 

slope  -  origin  unknown  -  see  remarks. _ _ 

B-ll 


2.  Minor  Repair::  X _ .  4.  Urgent  F.epairs_ 


Ccmsnts :  .Sonne  weed  and  grass  growtn  in  small  crevices  in  stone  paved  floor 
of  spillway.  _ _ 


WATER  LEVEL  AT  TIME  OF  INSPECTION :  1  1/3Ft,  Above _ .  Below  X 

Top  Das  X _  F.L.  Principal  Spillway _ . 

Other _ _ _ • 

Normal  Freeboard  i’-4" _ Ft,  wjtn  flashboards  in  place. 

SlTdlMlY  OF  DEFICIENCIES  NOTED: 

C-rovith  (Trees  and  Brush)  on  Embankment  yes  -  lower  part  of  downstream  slope  heavi 

ly  wooded  I 

Animal  Burrows  and  Washouts  None  found _ 

Damage  to  Slopes  or  Top  of  Dam _ See  erosion  below. _ __  . 

some  grouting  missing  in  paved  floor  of  spillway  - 
Crocked  or  Damaged  Masonryyes  -minor  cracks  in  cone,  side  walls. _ > 

Evidence  of  Seepage  yes  -  on  southerly  end  of  toe  of  slope  and  on  northerly  end.  . 

Evidence  of  Piping  Questionable  -  see  remarks. _ _ ■ 

Leaks  ves  -  see  item  #8  and  remarks. _ _ _ .  - 

Erosion  yes  -  minor  erosion  on  northerly  end  of  dike  on  downstream  slope.  , 

Trash  and/or  Debris  Impeding  Flow _ None  found _ _ _ _  ■ 

Clogged  or  Blocked  Spillway  S’— 8"  height  of  flashboards  in  place. _ _• 

Other _ _ _  • 
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da:  ]  no.  2 -r -2 17_4 


OVERALL  CONDITION: 


1.  Safe _ . 

2.  Minor  repairs  needed  y _ 

3.  Conditionally  safe  -  major  repairs  needed _ 

4.  Unsafe _ . 

5.  Reservoir  impoundment  no  longer  exists  (explain) 

Recomend  removal  from  inspection  list _ 


REMARKS  AND  RECOMS'IDATIONS : 


(Fully  Explain) 


Alignment  and  grade  of  this  embankment  type  dam  appear  good.  Upstream  slope  appears 
stable.  A  year's  growth  of  weeds  and  wild  grasses  was  noted  on  top  and  downstream  slope. 
Lower  elevations  of  downstream  slope  is  heavily  wooded  with  fir  trees  and  brush.  At  approx, 
tree  line  on  southerly  end  of  embankment  some  seepage  was  noted.  There  was  also  minor 
seepage  noted  on  northerly  end  of  dike  at  toe  of  first  slope. 

Flashbcards  were  in  place  on  side  chute  spillway  intake  to  a  height  of  2’-8".  Water  was 
overflowing  these  flashboards  1"  Z  in  depth  at  time  of  inspection.  Some  minor  spalling  of 
grouting  in  spillway  floor  downstream  of  flashboards  was  noted  and  a  minor  weed  growth  was 
noted  in  crevices. 

On  the  northerly  end  of  dike  at  toe  of  slope  near  outlet  end  of  14"  C.I.  blow-off  pipe  a  6  inc 
V.C.  pipe  end  was  observed.  A  small  flow  of  water  was  emerging  from  this  pipe  but  a  much 
larger  flow  of  red  oxide  stained  water  was  flowing  along  northerly  side  and  outside  of  this  6  inc 
pipe.  Origin  and  purpose  of  this  pipe  was  unknown  by  Mr.  Reynold  Henry,  Physical  Plant  Dir¬ 
ector,  and  two  other  maintenance  employees  who  were  present  during  this  inspection.  One  of  t 
employees,  who  has  apparently  worked  for  the  school  for  many  years,  stated  that  there  had  bee 
a  flow  of  water  in  this  area  for  years.  He  also  stated  that  flow  seemed  to  be  greater  in  volume 
than  usual . 

This  flow  of  water,  coupled  with  a  very  wet,  soft  ground,  seepage  area  on  the  slope  direct 
above  and  approx.  10'  to  15'  higher  up  the  slope  would  appear  to  indicate  a  large  leak  or  possit 
a  piping  condition.  There  did  not  appear  to  be  any  accumulation  of  fines  in  outlet  area  of  this 
water  flow  but  invert  of  six  inch  V.C.  pipe  was  1/3  full  of  silt. 

This  condition  was  discussed  with  Mr.  Henry  who  stated  he  would  keep  a  close  check  on 
this  "flow  for  any  further  enlargement  in  volume. 

The  District  is  rating  this  dam  as  safe,  minor  repairs  needed,  but  recommends  that  ownei 
be  advised  to  establish  origin  of  6  inch  V.C.  pipe  if  possible  and  to  closely  monitor  the  flow  of 
water  along  outside  of  this  pipe  for  any  changes.  Enclosed  sketches  show  approx,  location  of 
seepage  areas  and  6"  V.C.  pipe. 
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The  Commonwealth  of  Massachuse 
Department  of  Public  Works 
Office  of  the  Commissioner 
100  Nashua  Street 
Boston,  Massachusetts 

Attention:  Kr.  Bruce  Campbel] 

Lear  Mr.  Campbell: 

Thank  you  for  your  1 
to  "All  Owners  Or  Caretakers  C 
the  Louisiana  Brook  located  in 
capacity  of  the  Reservoir  is  ] 
voir  supplies  water  for  the  Nc 
also  to  the  Town  of  East  IJortl 
in  paragraph  3  of  your  notice 
and  other  obstructions  should 

It  would  not  be  pra< 
boards  from  our  Reservoir  spi! 
an  essential  part  of  the  Rese. 
remove  the  flashboards,  we  wo' 
capacity  of  our  Reservoir.  O 
supports  so  designed  that  the 
off  period.  Our  spillway  is 
flashboards,  of  course,  run  t 
have  always  operated  with  the 
a6k  you  to  reconsider  your  re 
have  the  facility,  however,  c 


B-17 


Page  Two 


December  4,  1972 


Mr.  Bruce  Campbell 
Commissioner 


valve,  which  would  increase  the  outflow  from  our  main  Reser¬ 
voir  and  consequently  causa  the  dam  to  overflow  in  a  small 
intake  Reservoir  below  the  main  Reservoir.  This  should  be 
able  to  relieve  pressure  as  water  tables  continue  to  rise. 

I  can  understand  and  appreciate  your  concern  in  this  regard 
however,  if  we  are  to  operate  our  Reservoir  properly,  I 
feel  compelled  to  give  you  the  above  information. 

Sir,  will  you  please  reply  to  this  communication? 


Sincerely, 


Carl  A.  Pelzel 
Director  of  Physical 


Docenber  12,  1972 


Mr,  Carl  A.  Felzal 

Dirac tor  of  Physical  Plant 

Northflald  School 

East  Horthfiold,  Massachusetts 


RE :  Dan  fr2-6-217-U- 
Ilortht'ield 

Kortbfield  Schools  Upper 
Reservoir  Dan 


Dear  Mr,  Pelael: 

Your  letter  dated  Do  center  U,  1972,  to  Coanissionar  Campbell, 
has  bean  referred  to  the  Division  of  Waterways, 

The  Connie sionars  "Rctico  to  Owners  or  Caretakers  of  Dams" 
is  intended  only  ca  an  alert  to  responsible  parties,  -he  design 
of  the  flnshboards,  as  described  in  your  lottei*  apparently  has  tbo 
"built-in"  safety  factor  of  failure  when  predetermined  stresses 
exist.  Other  safety  features  such  aa  valves,  trash  racks,  etc, 
apparently  have  been  clacked  and  found  operable,  thus  satisfying 
the  intent  of  the  notioo. 

If  t!iis  office  ?surf  be  of  further  assistance,  please  do  not 
hesitate  to  contact  us. 

Very  truly  yours, 

^  <- -/i- ^ •  i-T  £  :  V  i\ 

FRED.  C.  GCilWKLM,  ?,E, 

Deputy  Chief  Ikigineor 


LEA :hlb 
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APPENDIX  C 

SELECTED  PHOTOGRAPHS  OF  PROJECT 


Page  No. 

Site  Plan  A 

PHOTOGRAPHS 

No. 


1.  View  along  centerline  of  dam  from  the  south  abutment. 

(12/4/80)  1 

2.  Downstream  face  of  dam  showing  tree  and  brush  cover. 

(12/4/80)  1 

3.  Gatehouse  on  crest  of  dam.  (12/4/80)  2 

4.  Spillway  inlet  channel  and  spillway. 

(12/4/80)  2 

5.  Spillway  outlet  channel  and  spillway  looking  upstream. 

(12/4/80) 

6.  Seepage  at  downstream  toe  of  the  dam.  (12/4/80) 

7.  Seepage  at  downstream  toe  of  the  dam.  (12/4/80) 
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stream  from  the  dam.  (12/4/80)  5 


4 


•£*  CO  OJ 


O'BRIENS  GERE 

ENGINEERS,  INC 


hlorih  J/c/d  sj'c/.rof  frpoer  Keservo/T Jhrrj 

A 

£ 

>Jn/cH 

2P£>0  ~  002 

3)  -loo  , 


LEGEND 


me  LOCATION  AND  \ 
DIRECTION  IN  WHICH  N 
EACH  PHOTO  W4 3  TAKEN 


<6  /cr 

y-tze* 

cSfa  'H 


x//ns> 
■^oejO&g  e 


-v  ^Hrnutu  nHiMKwy. - Gatehouse 

)  AND  THE  NUKT5ER  0C  L  -  * _ 

Y  THE  PHD  TO .  *jZ A  .  .  '-*J 


_  ju  — 


/•?  V  AXiO/ei,- 
.  S?70  ssr 


/e*'e/  ac/Z/s.  t 


iik 


T 


" Dp'r'Oarrt  f-3£t 


VfrH  A/ORThFIEUD 
VcrH  School 

U-^jl  L/PPER 

Reservoir 
i  U^->y  £lev*68&> 

^  Norm*!  Tocj 

^yl%--4  £/e i/  ■  *  * i 

rt'x'^  4?  ///•/.  -  v 

|K'*  ''4  wtpxcAKri 


■^ee  po>CfC- 
&re<x 


A 


SfEpion- 


SITE  PLAN 


Me?/-  /&  S’ca/e 


**c/ 


A 


1.  VIEW  ALONG  CENTERLINE  Of  DAM  FROM  THE  SOUTH  ABUTMENT,  (li, 4 -60, 


2.  DOWNSTREAM  FACE  OF  DAM  SHOWING  TREE  AND  BRUSH  COVER . ^2,  4 .  so) 


C-3 


10.  POTENTIAL  PA)  'AGE  AREA  APPROXIMATELY  3000  FEET  62/4/80) 
DOWNSTREAM  FROM  THE  DAM. 


I 

I 


C-5 


1 


APPENDIX  D 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


O'BRIEN  &  GERE 


APPENDIX  D 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


.TABLE  OF  CONTENTS 


Regional  Vicinity  Map,  Figure  1,  showing 
Downstream  Hazard  Area 

Tp  Calculation 

Sketch:  Dam  Elevation  and  Spillway  Dimensions 
Stage  -  Discharge  Table 
Stage  -  Storage  Table 
PMP  Data 

Stage  -  Discharge  and  Stage  -  Storage  Graphs 
Downstream  Routing  Information: 

Section:  Upper  Reach  of  Louisiana  Brook 
Section  @  Winchester  Road 


Stage  -  Discharge  Table  (Winchester  Road) 

Channel  Section  @  D/S  Hazard  Area 

Stage  -  Storage  Table  (Winchester  Road) 

HEC-1  Dam  Safety  Version,  Computer  Output 

HEC-1DB  Dam  Safety  Version,  Breach  Analysis, 
Computer  Output  (14  Hour  Breach) 

Suimary  of  15-Minute  Breach,  Computer  Output 
(Used  for  this  Report) 


D-9  to  D-12 


D-l 3  to  D-19 


D-20,  D-21 


DAM  LOCATION 


7  /  '  \  / 

j  Putytam  I 


FIGURE  1 

REGIONAL 


•V.  ■  v 

I 

I 


,|\v.  '  L  Hv 

1  ~ 


7T(  ?  A'1"  ijl  ?/  REGIONAL 

/  ;  o)  fv  w  VICINITY  MAP 

r  V  /  SCALE  1:24000 

'x  Tfef r 


%  V  - 

\^  '  V  • 


^  i  i//4 7/x 

S^sA  ^7  ?  /*~7  '  y  1  • 


-N,6RfHFIELD  SCHOOL  UPPER 

R/otR  damk  ;  ;v,„  - 


^ J  Mr" 


A«Av  .  „  ,y  9^  7/>  //"lr:  * — a  v- \  : :  v 

<7  \  ■  f . ■''■  ^Lr~ . '•  ■;’  ‘  \  s  ■'■'  \ 


£/7  --feiS 


/  '  /  /- 


•  h'  .  /•‘v  i  /,*>>•  »•.  i  ’  •'  /  V/  v.  \  •  '.-  .  •••>  ,  .1 

4  /  r  /y  J1  ,  /•  ;;  \  •  “  '  J'-.-ZV  1 

.<'''<. <C'm  '♦7X  :f.ft  (  J  /  '  L>A  - -V.  V' 

^  CA?-  /  if  ///•'/  r  ->  ./  \ 

4<r.:  *  #4  Ufftr^-  v  ■  K7!-5=^:V'^; ■ 

4kzcd  lUvV^v?* ' V 


buliJtC' 

Y~ d<  r;’c1fs+7  Y*7  e^<\  <Y  i'<P  / 

Y[Yv}  *77 

1 

fa> 

s?Yv/ 

UATt 

V/S9/Y/ 

At -'J  L./-/; £sssi  vs-,/' 


'  «r 


t/zS/B  I 


'V7/  *VS>  -9  tZ,  dY r 

U' 


■^vr/ysYd  /~  .  ~yy/'s?<zY/s', 


\  O  .  /* 


ffyz-  *  .  £2.  &  c.. 

's  c?  /^y?Yr  .  dYd?  e  Y^Y}  c.  s  <r  *r  Z? s 


YY -T  ^  . 


^>-5  ' 


^<VV7 -e j^- &-  vY  -r  s&v’d'svf'  _ eS/Yv? *7  *sd /Y  yYyT^  YvY  .  jYy£&,?7.  YvY.e*-. 

: .  !  'Z>VVASv£?7<S  y&cps+r  Y  Z'e?  .  T/SVC' 


.  V-^ '<s Y Y/"£*Y e.  &Y.  ^dxiVWtre?  > 


<^sj)  . 


.  -~  ysYYYZ/  S? 


Yt7*rj?  /A  Yv^v>*?7  Y*Y  & 


YAvS 


d?Y~  YYd 


'  Y  .  a>£s  d 

.  tAc7 cssr .  ,'^vs'^ev 


.  sw*  Ye  ■£  J) 

\  .  1  I  !  - 

^  -  (£?.  ^3  (s-  '^-  Y  a'8fy-. 


\  /tY' 


<Y>.  rS  £S  d'J  7>  S*  I 


Jv'Yyy<sY'  ■  _YY>,7 


■V  7*-/ e> *S  f  Vs  7-''  YY ■eV 7i  l/  /Y.'s-^: 


>-»?  Yer  £  f  £■  *7  S 


vSS>  /■-  tY  1 

S  /  */  S  ‘  7  s  7  V~  **77*  7  d 

^  ;  £/.,  <Z-&7-  5"  \  i 


fYs~  cY 

\ 

sYY*.<  c'y~7t  *7  Y 


//rf. sv?  /?£>{?*'  cYs  4s 

!  vr/  Y,sd>.  o  r  1 


2^1?  YtrYco'-^- 


y  /,YzV&^  yY  ££.r 

vY/  YSY-STs 


i  i 


A/0  J?S> 


\  \  7  ' 

;  .  i  .  . 

!  Ya'c'S*  ?Vr"  ; 

!  /7%  'i'/^v*>f  i 


YY£  y  i  Y-> 


OBRIENS  GERE 


a?  7/  s?  /^re'Se?.  s  25s>  s-tt 


(  Norj/</te/c/  JeJtro/  £pptv~  5<?s<?rvosr  ’J^t»rrr, 


.  55  r*£*  cje^ .  -  -J^'/~s<r'¥<2  p<?&-  _  /577  /c- 


SHE 

E’ 

-5 

Bv 

777 

DATE 

//7  *?:/?/ 

^Y<?  i?*z.  ?■<: 
(  2o  7  Z9 


. .  ....  <£S.6  .  . 


6&7 


—  _ 6.3 Z.  5  . 


'■'  ■  '•  63S  '  : 


_ _ 637.  .  .  .... 


‘  ’  £,90  ' 


.  < 
<v7  ) 


:  . 
<fc  ./": s  )  TV  -T5  V 


.^.  ;^7.  . 


>.<ri  \?9 


S-TT  /#£-  .  ;  ^ 


^2  2  .2-0  _  .  cfe? 


36.5' 


JZ\  '.3/  , 


‘  Td^\'  '.£if  37.5  I 2/  ]  •  37557  ' 


Jt.o  jf/*4-  .  Z2r*7  33.5 


Z.o  773-  '  .3.5'  ^7^5-  3?,5T  \2lz~  >  ^a' 


.  <2 /  ..  yz&yo^ 


^  7  5773 


5?.  -  .  55?/ s  ^Aazt'cU^' 


.:_  ,  .  /^P-ri  ^  .  £7  =-?,3.  ,.xiV?  .  i 

-  c's'^’S  Ce2  ^ /  a- ,  3  .  2s~e&-  L^/isor^.*^' 


7c,  czs  f~. 


<5?  :  ■ !  ^  ;  <^>  >"  tv<7 . 


■e^-C 


<7?  -.  ^ 


^7  -  \o.p£ 


!  i  ..<&• 


TS/cZe.  . 


. *=*%.  r'  ^s~55>  oof  '  2  5 

'^^7.  <.375.7^.  3^  73/  •  77^ 


' _ !  ;  J  1  {  i  1  1  j  1  I  i 

i  "  -:  25^  A.sts*\'y;e-  :  p65/~.<?±'a5.  77:  -5.^37  cZ'^f'rx 


•>  i  -  i  -  i  i  -  i  - J  -  -  j  :  J  .  :  I  .  .  •  . 

V7,  I  !  ,  i  I  !  I  0.77  7\  .  ,  i  \ 

6?}  =  Kf'f  s  v?  -  -  7522^)  •_> . 

j  <^,1  vH  52  j  ij,  \2d0of  2>£>3.  ! 

7o.^?pp^Y c 7  j  7/  zz  .  ^  57(7 o 7/  z 7--.  Zr'sf.  zz  i  t>.2.  . 

»  »  N.  1  i  i  1  )  J  1  y  • 


i  .:'}!;:  !  :-2><  S  i  !  !  .  I  I  ,  f  .  i  i  i  i  : 

I  i  i  !  !  i  :  I  j  I  M  r  I  j  I  i  1  I  i  J  !  !  !  !  i 

;  ?  |  •  ■  j  j  I  j  I  i  {  j  )  j  ■  j  j  ]  1  1  |  ; 

\2945k  y/cTpc*  - 7/ 3<rZsi rsp.2  7 2/5 2 y  J'r -$2^*?  .  7*’  3  \t*zs,L,~A: 

7//7&7.  22*  7 7s  '  7->//7  )^sJrr**ssT\  J.  a?  y~>y2t~7  20>5  |  72 <0  j  j 


:  1  ..  : 

!  i  1  | 


2r*: 


1  :  !  :  I  :  -  '  i  !  :  '  j  |  I  !  .1  i  '  : 

!  ,<7# A?y  pZ-As  <?s'eA/3/£y?7/r<a.  2>e.,'ya><2,.  .  ; 

I  i  i  ,  i  ,  !  !  1  -  i  .  *  7  ±7\ S\  1  .  ;  !  ! 


I  1  ! 


w 


'  7^  S/aoc/tr/  6&S.O  Z  9.^ . S&? 


s’y'.''  J/e  ^  .  zfs-ze*-  . 


_ ~yi'C4^. J^S7 . 


w  -2  S'SZ-* , 


vjT  ZZ.c 


u  . 


$£*'£.  *&■•■*.*£  t::*s, At -£*'  ■  -/i'c-t-VjT- «-■.•*?;  .  ***£*> .  csz-A*. 

■ztcf  c'sLci'  ./9'.^<9  -. /  tT'V?  zs sfi^r^sz? ^  s~  y^*'- 


7ZZ2L- 


/  *sC'V  ~e*<x.  . 

,  I  .  ■y' 


<r\ 


zz<?.z> 


I  ;  I  •  , 

'.  -s®  -i-?d>.  -=-2.  ss?c:  e?  S 


■  <d7<  ^ /fi-  ' 


•/  zht  zZ/  jvr 


Ay/->zf  .-• 

:  I  .  > 


I  ■  !  r  ■  :  }  J  |  ;  J 

<£^  .  y%  . 


1  .  :  r  ! 


i  |  !  I 

i  /,  ;  /.  i 


I  I  l 


:  M  |  i  ;  '  i 

!  I  i  •  *  I 

!  !  !  i  i  !  !  ! 


'  S'/S7  ! 


,  I  I 


!  i  i  ", 

lit-: 


^  , 


: 


;  :  i  ■-  •  ■ 

j  i  i 

!  !  iTT! 


!  j  ;  ; 

Ml-1  i 


~Z>/s  ^ s/s? -  £/~s 


O  BRIEN  &  GERE 


■2  S7s2/s7  222  XX/'+'X/  s~  22/1  ss? 


jrsf  els  -Stirs/  C'fisf’f' c^s^’vs.r 


z>  -  Co  3?/?//  //,&/&/  aaao.  aa^z. 


z-  /z  C/H  / 


^), 


Xspt  .  2&/s  /2s7c?  —2s? 


•  tf <ZS>st- 


XL  Scs?  Sl/s/  <S/  s 


y£s~  Sxr/Tsr  /Ss  sr.  .s5 


t’  ses-r  j.'&s'T 


.  22/}  SSI  *  /  Sr //£< /*''*■ t/2.  /Tc?//  2/  /?  .22//.  e2/2>ScJ.  /?//•. 

.2cs-/’/>2.  !f2rs-  .  /I.  c?<-.  /  2'  r'axss^fst pCf/L  .  /3.  &  .  s*r/./ 

.  7* o  .  x'2  (/ ..  Xxz?  aZ.***' 22  .  //t'ea-*  *.  x2 .  - .  <///  //•  22/ 

./Zt'/Sl  2tS /C  S/ir/ybT. ._.  XS&S '.  /j’/'£V//7£.  ^  /~/’/<  2/ so  ^9  ,  y2y~,  ^ 

.  x2-*^as-2  2  ./>-  .  _._  2  '.SC  .2  !**  ,-2/>X  .  s:  s/ Sx  e  2  .  //sr/t?  >/?  *'<?  e~  .s-^s's^zs 

.  se.2,  .2/2.  s/sz.zl  a  *  'ix>C .  s*,j''e,&-  -  ._  ;  22/'.  3/ /.W^  <c’*~/>/.^, 

v3A<s _ .'uxx^a2  xs7^..\x2u^.^/~s3ss/2W^  _s=/jru?s^/2/*~*/.  :_•._ 

’  >  1  j  i3  '  i  •  i  : 


.  *2/  y-sS's'Tf/ S?£-  ^2'  .  T^y".  x/’/c  2/stj?  ,  y2/C^c->  . 

.■2 '  . 2/x ■  sts/ /s' e s' 2  .  sssTsc?  .a/'-ee~  . /i/'/s/c 


3a£T 


go'  f  \3a'  3j2'  i  :  %&'  I  -5-3 '  !  3c' 


<f/.  3/3 


2/363 


2/  ~/aa 


2/  3  90 


2/3,? 3. 


3/  39a 


I  -ZT~2  £Y  36/.  3  /V^J^  22c?  X 

~  '  !  (\  M  Ul/1  1  ! 

1  1  !  2Z//2'/  2  \ 


/2<?  2  t'.sf  :  s22s>c*  c2  j 


;  2a  .'Scsi/e, 

1^1  I  I  1  \  I 


OBRIEN  E  GERE 


*?  cY/ sr  XXsfSet  r~yd>s/~  .s 


(~/'J?rj/t  //  &  /cJ  ->  cA  &&/ As/js^r  A? ez? 


Z>-  7  ^; 


'  ~A'3*y 


£) .  2?* 


./XA^  y>7‘ 


£>/^s-rr<* 


.  -  _ _  /'X&.  y& //X1  <£*7/ j7  Q  .^STA  r  cXA  $  c*~r  <£  /'A  .  .  . 

L7  y  y 

£  O /A  .  yy  .  OtJC  f'  i2  /  XAss-re/rgS  f -AvT 

Xy><z><X'  .s /AA*‘S7csr*i/i<?&f  ,^*-r  y?..  -X’-A?  .  *?  y  .  yX/*s  *  yy^^T-rcT/y^Jt’,.  7^4^  - 

_ y.X.sc  ^tsryA .  .  yXX  .1^.* /A*  e’s- y.  yj^s  .  .  yXs-^&yA.  ysX  , 

_  — .  y^x^  . .  t?yy  7AA A  <2-  -  t?'cp+^'^  X/is>s?  A'AAy  - .  yAATAAx  '^)/,  yy  -y>,7y. 


_ ..<?&'?*':  -  yyX-. 


A  (CaXc^Xz  s'-e  cX .  yX* 


_  .^^5-^-. —  £>  yC _ yXX- -.  y&'eXy  4  XAA.^j-.  ■Ayyr&.y/ysT.'. 

_. . ...  .c^T .  3  .  <?.  7.  .j^<r.  _  ]  yX  c-.  ye<X'  \  Xy> o.&cX'-  t?s7~<?  <zX 


=  ^  : 


<scverV ./-... 


*7  .  /  * 


y/Xsyzy 


OBRIENS  GERE 


SuBJiC' 

O-v^.?  sn?  'PP'Se-  r~  ts'0  '  sn 

SHfH 

Z>-£ 

b* 

y?7>// 

06Ti 

'//?/#/ 

J0b  ML 

&O 

£//*>  c4'$f<!r  Xc/- 

r^7.  3S0.2-. 


*£-/.  3£<Z 


<£/.  J>#£> - 


C  <*/✓?  //<? 


^rA^r  <f 


i&ifsi'  &'</*  Y^,  <*  c*' 


.yp-yZf. 


Jf 

I  i 


1  3  9£>.3Zr 

I  1  i  : 


/..  <2- 


suratuam  -in  t> ■  i>m:»  nu  i  i i  *i  ‘i"'-  ' 
wv-'Jfin.M  I  m«  i  ivimh 

W^H  '1K1.VJ  J!i  l>l  N1>INV-'I‘.»  III  IVH'-’  I 


am  inuM  luvaanyuAii 


FF.Ah  Oil  I  FLOW  IS  •  1074.  Al  IIMI  I II .  00  IIUIK." 


-I’EAK-FLOU-ANU  STORAGE  .(ENTI  IJF  .PERIOD)  SUMMARY  FDR  . MULT  IPLE  I  LAN  KnllM  LCONUMM'  (  OMI  THAI  I  III  IS 
flows  in  i~i.it m:  m  i  ilk  sflonm  (L'iiihi:  mi  iirs  it  r  siitinim 
area  in  suiiARr:  mills  (sduart  kii.umi  iirs) 


FLOOD  HYDKOGRAFH  PACKAGE  (HEC-1) 
DAM  SAFETY  VERSION  JULY  1973 

LAST  MODIFICATION  01  AT R  80 


tfk.MN  rr.MOt*  kacn  f  i />*;•;  »  •  u  m» i . i» a  hi-. mm  f  M-.inti  »  ain 


.  HtDFvQGKriElR  -F.UUI  INU 


iiANfu  l  i.'iuuMi;  in  uincmfg irK'  i  dai> 


MJUTLU  F Q  .  1 1 r. z r. F  L»  .  .  .60  i  1:006. 

!•:,:»)  <  r.6.uo>< 


I 


\ 

I 


STATION  hA/AMi 


UMMARY  OF  l*Art  Srtff.  |y  ANALYSIS 


